Aims: This study explored differences in determinants (i.e. health-related, work-related and social factors) of voluntary early retirement between older workers with and without chronic diseases in Denmark. Methods: workers aged 56-64 years who were members of a voluntary early retirement scheme were selected from the Danish national working Environment Survey (2008)(2009) and were followed in a public register for four years. Cox regression analyses were performed separately for older workers with and without chronic disease to identify the associations between determinants and voluntary early retirement. To explore the differences between groups, an interaction term between the determinant and having a chronic disease was included in the analyses for the total population. Results: Among 1861 eligible older workers, determinants associated with a higher risk of voluntary early retirement included poorer self-rated health, more depressive symptoms, a higher physical workload, lower job satisfaction and lower influence at work. For older workers with a chronic disease (n=1185), the presence of work-family conflict was also associated with a higher risk of voluntary early retirement, whereas for those with no chronic disease (n=676), a poorer relationship with colleagues was an additional determinant. Higher emotional demands, a higher work pace and higher quantitative demands were not significantly associated with voluntary early retirement for either group. none of the interaction terms was found to be statistically significant (p>0.05). Conclusions: Determinants associated with voluntary early retirement did not significantly differ between older workers with or without a chronic disease in Denmark. We conclude that several health-related, work-related and social factors are important for prolonged labour force participation of older workers (with and without a chronic disease).
Background
To limit the increasing ratio of retired elderly to the active working population and to minimize the economic burden caused by an ageing population, current European policies encourage older workers to extend their working life [1] . For example, the Danish government has introduced a gradual increase in the state pension age from 65 years in 2012 to 67 years or older by 2024 [2] . In addition, the maximum period for obtaining early retirement benefit from the Danish voluntary early retirement scheme has been reduced from five to three years before state pension age. Similar policy measures have been taken in several other European countries, leading to an increasing number of older workers in the labour force [3] . However, the question remains whether the whole population of older workers is able to work longer or whether there are differences within this population
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based on their health status (e.g. having a chronic disease). The risk of living with a chronic disease increases with age for both men and women [4] and, as a result of the increasing number of older workers in the labour market, a large percentage will have a chronic disease.
Older workers with a chronic disease have a higher risk of an early exit from the labour force [5, 6] and older workers in good health are more likely to prolong their working life [7, 8] . An explanation for this might be that health-related problems caused by the presence of a chronic disease lead to functional limitations at work. Following this, older workers with a chronic disease may have specific needs for continued labour force participation that differ from older workers without a chronic disease. Additional knowledge about these differences is a key factor in supporting sustained employment for an older working population.
we focus here on important factors for prolonged labour force participation of older workers (with and without chronic disease) by investigating the factors associated with voluntary early retirement. The role of health-related, work-related and social factors on voluntary early retirement have been acknowledged by several studies [9] [10] [11] [12] [13] [14] [15] [16] . For example, poor health was shown to be a risk factor for early retirement [9, 13, [16] [17] [18] . Previous studies have reported that unfavourable working conditions related to physical demands, psychosocial demands or the lack of job control may push people towards early retirement [10, 11, 15] . The opinion of a partner or spouse on early retirement was also found to be associated with early retirement [9] . Taken together, several healthrelated, work-related and social factors influence older workers' labour force participation.
To date, few studies have investigated whether or not the factors associated with voluntary early retirement are similar for older workers with or without a chronic disease [5, 6, 19, 20] and these studies have found inconsistent results. For example, a recent study from the netherlands showed that having low psychosocial resources at work (i.e. low levels of autonomy, task variation, supervisor support or coworker support) was associated with an early exit from the labour force for workers with a chronic disease; however, this was not the case for older workers without a chronic disease [6, 19] . By contrast, a study from the uk showed that favourable working conditions did not significantly reduce the risk of voluntary early retirement for older workers with a chronic disease [5] . The available studies on this topic have relied on self-reported early retirement, which we believe is less accurate than objective data retrieved from a register. In addition, most available studies were conducted in the netherlands or the uk. Research in other countries may help to establish whether the risk factors are general or country-specific.
The aim of this study was to compare the effects of various determinants (i.e. health-related, workrelated and social factors) on voluntary early retirement based on registry data for older workers with and without a chronic disease in Denmark.
Methods

Study design and population
To investigate the determinants of voluntary early retirement among older workers with and without a chronic disease, a prospective study followed participants in the Danish national working Environment Survey (DAnES) for four years (2008) (2009) (2010) (2011) (2012) in the national DREAM register [21] . DAnES was conducted from late 2008 to early 2009 and included 12,559 participants aged 18 years and older. The DAnES 2008-questionnaire survey contains data about work environment, self-perceived health, lifestyle, social factors and background factors (i.e. age, sex and level of education). The variables (except for depression and physical workload) from DAnES 2008 were based on questions from the Copenhagen Psychosocial Questionnaire (COPSOQ-II), which is a questionnaire on psychosocial work-and healthrelated factors [22] . The COPSOQ-II has 41 scales and 127 questions. To minimize the response burden, only one or two questions from each scale were included in DAnES 2008 and a psychometric analysis was performed to select the best questions, leaving 54 questions [22] . The reliability of the selected questions from each scale was tested by Cohen's weighted kappa in a test-retest design and the reliability was found to be moderate to very good (Cohen's weighted kappa 0.53-0.81). Further details on the DAnES 2008 study design can be found elsewhere [23] .
Participants were included if (at baseline) they were (a) between 56 and 64 years of age (i.e. meaning that they were at risk of voluntary early retirement, which is possible starting from the age of 60 years, within four years); (b) employed and a member of the Danish voluntary early retirement scheme; and (c) had valid data (i.e. a response week-the week number in which the participant responded to the questionnaire). Participants who were selfemployed at baseline were excluded. In total, 1861 participants were included in the study (Figure 1 ). The participants were categorized into two groups based on the presence of a chronic disease because we were interested in whether the presence of any chronic disease influenced the effect of the determinants on voluntary early retirement. Having a chronic disease was assessed using the question, 'Has a doctor ever told you that you have or had one of the following diseases?'. The answer categories were: asthma, diabetes, cardiovascular disease, back pain, hearing impairment, skin disease, depression or other mental disorder, or another chronic disease. Those who answered 'no, never' were placed in the group of older workers without a chronic disease and those who answered 'yes' to one of the answer categories were placed in the group of older workers with a chronic disease. 
Dependent variable
The outcome variable was 'age (in weeks) at voluntary early retirement'. Retirement information from 2008 to 2012 was retrieved from the DREAM register data (linked to the DAnES database), which covers all social welfare beneficiaries in Denmark [21] . The DREAM register contains data from the Danish Ministry of Employment, Ministry of Social Affairs, Ministry of Education, Ministry of Integration, 241 municipalities and Statistics Denmark [21] . The DREAM register contains information on a weekly basis. In Denmark, an early retirement benefit (Efterløn) can be claimed from the Danish voluntary early retirement scheme at age 60 years or older. However, claiming the retirement benefit after the age of 62 years is encouraged because it leads to higher benefits for early retirement. Entitlement to the Danish voluntary early retirement scheme (Efterløn) requires membership and contributions to the early retirement scheme for at least 25 of the last 30 years.
Independent variables
All information from the independent variables at baseline was obtained from the DAnES 2008 questionnaire.
Health-related factors. Self-rated health was measured using the question, 'In general, which of the following would you say best describes your health?: 'excellent', 'very good', 'good', 'fair', or 'poor'?' [24] . These scores, ranged between 1 and 5, were used as descriptive statistics. For the analyses, the answer categories were recoded as 0, 0.25, 0.5, 0.75 and 1.0. Thus selfrated health ranged from 0 (better self-rated health) to 1 (poorer self-rated health). Self-rated health can be scored as a dichotomous variable, nominal variable or a continuous scale because a previous study has shown that all three scoring methods for self-rated health are linked to mortality [25] . In this study, selfrated health was analysed as a continuous scale. Depressive symptoms were measured using the Major Depression Inventory Scale (MDI) with 12 items [26] . These items were assessed using a six-point scale (scores between 0 and 5). we used 10 items in total because items 8 and 10 each have two sub-items (a and b). Therefore a total score could vary from 0 to 50 and these scores were used as descriptive statistics. For the analyses, the answer categories were recoded between 0 and 1. Thus the depression score ranged from 0 (less depressive symptoms) to 1 (more depressive symptoms). The MDI can be scored as a continuous scale or dichotomous variables [26] . A previous study has shown that continuous scoring can be used to predict long-term sickness absence [27] .
Work-related factors. work-related factors from
DAnES 2008 were largely based on questions from COPSOQ-II [22] . Physical workload at a person's main job was measured by asking, 'How would you describe your physical activity at your main job?' and the answers included 'mostly sedentary', 'mostly work while standing or walking', 'work while standing or walking with some lifting and carrying' and 'heavy or fast-moving work that is physically strenuous'. Job satisfaction was assessed by asking, 'How pleased are you with your job as a whole, everything taken into consideration?' and the answers included 'very satisfied', 'satisfied', 'unsatisfied' and 'very unsatisfied'.
Emotional demands, work pace, quantitative demands, and influence and relationships with colleagues were all assessed using a five-point likert scale ranging from 'always' to 'never/hardly ever'. Emotional demands were assessed by asking, 'Does your work put you in emotionally disturbing situations?' and 'Do you have to relate to other people's personal problems as part of your work?'. work pace was assessed by asking, 'Do you have to work very fast?'. Quantitative demands were assessed by asking, 'How often do you not have time to complete all your work tasks?'. Influence at work (i.e. job control) was assessed by the questions 'Do you have a large degree of influence concerning your work?' and 'Can you influence the amount of work assigned to you?'. Relationships with colleagues was assessed by asking, 'Is there a good atmosphere between you and your colleagues?'. For analysis, all answer categories were recoded between 0 and 1 (e.g. a five-point likert scale was recoded to 0, 0.25, 0.5, 0.75 and 1). Thus all work-related variables ranged from 0 (better working conditions) to 1 (poorer working conditions).
Work-family conflict. work-family conflict was assessed using three questions: 'Do you often feel a conflict between your work and your private life, making you want to be in both places at the same time?', 'Do you feel that your work drains so much of your energy that it has a negative effect on your private life?' and 'Do you feel that your work takes so much of your time that it has a negative effect on your private life?'. These questions had four possible answers ranging from 'no, never/not at all' to 'yes, absolutely/often'. The mean score of these three items was calculated for descriptive statistics ranging between 1 and 4. For analysis, all answer categories were recoded between 0 and 1 and ranged from 0 (lower work-family conflict) to 1 (higher work-family conflict).
Covariates. Sex (male/female), educational level and mode of data collection were included as confounders. Educational level was categorized as follows: 1=no occupational training, semi-skilled workers education or similar (<12 months), one year of vocational training; 2=completed apprenticeship or vocational training; 3=other occupational training (⩾12 months); 4=higher education for less than three years; 5=higher education for three to four years; and 6= higher education for more than four years. The mode of data collection was defined as internet or post versus telephone. Although the two forms of data collection were found to be comparable, we included the mode of data collection as a confounder.
Analyses
Descriptive statistics (e.g. means, standard deviations, frequencies and percentages) were used to report the baseline characteristics for the groups with and without a chronic disease. From all independent variables, the means of the original scales were reported as descriptive statistics to compare the mean scores of our population with those of the same population in other studies.
The answer categories in the analyses were standardized to make the variables more comparable. Answer categories were recoded between 0 and 1 (e.g. a five-point likert scale was recoded to 0, 0.25, 0.5, 0.75 and 1.0). In this way, health-related factors, work-related variables and work-family conflict ranged from 0 (better health/working conditions) to 1 (poorer health/working conditions). All variables were analysed as a continuous scale because continuous scales were used for the validation of questions from the COPSOQ-II [22] and this method was proved to be successful in a previous study [15] .
Cox regression analyses (SAS 9.3 proc PHreg) were performed separately for the groups of older workers with and without a chronic disease to identify the associations between the determinants and age at voluntary early retirement. The participant's calendar age was used as the time axis and started at 60 years (=0 weeks) because retirement was only possible at 60 years or older. Participants who were older than 60 years when they answered the questionnaire had a start time with a value higher than 0 (delayed entry). For instance, a participant who answered the questionnaire at age 61 years had a start time of +52 weeks on the time axis. Participants who were younger than 60 years when answering the questionnaire had a negative start time on the time axis (e.g. a participant who answered the questionnaire at age 57 years had a start time of −156 weeks on the time axis). The end-time was calculated for each participant based on the age when they had taken voluntary early retirement (e.g. the end-time for those who retired early at age 62 years corresponded to +104 weeks on the time axis; note that retirement was not possible before the age of 60 years). Participants were followed until 31 December 2012.
Participants were censored if they had accepted a disability pension, turned 65 years of age or died. A previous study found differences between fully workdisabled and unemployed people (including those who retired early). People who were fully work-disabled were more often older, experienced more frequent occurrences of symptoms related to their disease and more pain and fatigue, and had more functional disabilities than those who were unemployed [28] . Because it is unlikely that people without a chronic disease will transition from work to a disability pension, we censored participants if they went onto a disability pension. Covariates such as sex, educational level and mode of data collection were included in the adjusted model. For each determinant, the confidence interval (CI) of 95% was reported for the hazards ratio (HR).
To test the differences between groups with and without a chronic disease, the covariate 'having a chronic disease yes/no' was used to examine possible effect modification (multiplicative interaction) in similar Cox regression analyses among the total population of both groups of workers [29] . By studying multiplicative interaction, subgroups of participants in which the determinant was likely to have the largest effect on the outcome measurement can be identified. Effect modification was considered significant if the interaction term between the covariate 'having a chronic disease yes/no' with p<0.05.
Sensitivity analysis
A sensitivity analysis was conducted to test a main effect of having a chronic disease on voluntary early retirement by performing a Cox regression analysis between having a chronic disease and age at voluntary early retirement. Table I shows the baseline characteristics for the group of older workers (aged 56-64 years old at baseline) with and without a chronic disease in the sample of 1861 participants who met the inclusion criteria. From the total eligible sample, 786 (42%) participants retired between 2009 and 2012 and 1185 (64%) participants reported having at least one chronic disease.
Results
Determinants of voluntary early retirement among older workers with a chronic disease
The adjusted analyses showed that among the participants with a chronic disease, an increased risk of voluntary early retirement was found for those with poorer self-rated health (HR 2.15, 95% CI 1.37-3.37) and for those having more depressive symptoms (HR 2.05, 95% CI 1.14-3.71) (Table II) . For work-related factors, a higher risk of voluntary early retirement was found for a higher physical workload (HR 1.84, 95% CI 1.37-2.48), lower job satisfaction (HR 3.08, 95%CI 2.09-4.55) and lower influence at work (HR 1.94, 95% CI 1.36-2.77). A small increased risk of voluntary early retirement was found for a higher score on work-family conflict (HR 1.59, 95% CI 1.11-2.27).
Determinants of voluntary early retirement among older workers without a chronic disease
Among the older workers without a chronic disease, an increased risk of voluntary early retirement was found for those with poorer self-rated health (HR 2.56, 95% CI 1. 27-5.16 ) and for those with more depressive symptoms (HR 4.22, 95% CI 1.47-12.11) (Table II) . For work-related factors, a higher risk of voluntary early retirement was found for higher physical workload (HR 2.09, 95% CI 1.39-3.13), lower job satisfaction (HR 5.27, 95% CI 2.96-9.40), lower influence at work (HR 1.69, 95% CI 1.04-2.75) and a poorer relationship with colleagues (HR 2.81, 95% CI 1.44-5.49).
Comparison of determinants
The interaction between having a chronic disease and a poorer relationship with colleagues was closest to significance with a p=0.06. However, no interaction had p<0.05 and therefore this study did not show a significant difference in the HRs of the determinants between those with or without a chronic disease. 
Sensitivity analyses
An increased risk of voluntary early retirement was found for participants with a chronic disease compared with those without a chronic disease in the analysis with adjustment for sex, educational level and mode of data collection. The crude analysis showed an HR of 1.20 (95% CI 0.95-1.28) and an HR of 1.18 (95% CI 1.02-1.37) was found for the adjusted analysis.
Discussion
This study showed that poorer self-rated health, more depressive symptoms, a higher physical workload, lower job satisfaction and a lower influence at work were determinants of voluntary early retirement among workers with and without a chronic disease. For workers with a chronic disease, a higher score on work-family conflict was associated with a higher risk of voluntary early retirement, whereas a poorer relationship with colleagues was associated with a higher risk of voluntary early retirement among those without a chronic disease. Higher emotional demands, a higher work pace and higher quantitative demands were not significantly associated with voluntary early retirement for either group.
In line with previous studies, this study also found that poorer self-rated health and more depressive symptoms were strongly associated with voluntary early retirement [9, 13, [16] [17] [18] 30] . we therefore conclude that better health enables older workers to work longer. This study also confirms that a higher risk of voluntary early retirement was observed among those with a higher physical workload, lower job satisfaction and a lack of job control [10, 11, 15, 18] . Therefore our results indicate that employers can support Danish older workers by reducing their physical workload and providing them with more influence on the number of their tasks and on how, when and where to perform those tasks. One special finding in this study was that a poorer relationship with colleagues is an important reason for voluntary early retirement among older workers without a chronic disease. Given this finding, employers may focus on increasing social support -for example, by promoting teamwork or team-building activities.
we found no difference between older workers with or without a chronic disease in the factors related to voluntary early retirement. This result corresponds to findings from another recent study with a similar research design (using retirement as an outcome and controlling for confounding variables) [5] . By contrast, another study has shown that the influence of low psychosocial resources at work and high physical demands differed between workers with and without a chronic disease [19] . However, that study did not differentiate between exit routes (e.g. unemployment, disability pension, voluntary early retirement) and did not control for confounding variables. These methodological differences may explain the different findings. The present study adds to these two studies because we used data (age at voluntary early retirement) retrieved from a register. An advantage of using an objective measurement for voluntary early retirement instead of self-reported voluntary early retirement is that our data were not affected by recall bias. According to the International Classification of Functioning, Disability and Health model, many personal (i.e. demographic, psychological and healthrelated) and environmental (i.e. social and workrelated) factors influence work participation among workers with a chronic disease [31] . It could be that this study did not include all the determinants important for voluntary early retirement and therefore we recommend that further research should explore other personal (including financial) and environmental factors important for workers with a chronic disease by using a mixed method design. There are two other reasons for finding a lack of significant differences. First, it could be that unhealthy workers had already left the labour force via a work disability pension, leaving a selection of workers with and without a chronic disease in good health in the present study population, also called the 'healthy worker effect' [32] . Future research is needed to follow participants at younger ages using data with longer follow-up periods to avoid the selection of relatively 'healthy' older workers at baseline. Second, it could be that the sample sizes were insufficiently large to find statistically significant interactions between determinants and having a chronic disease. As the data collection was conducted years ago, we were constrained to the sample size available. with the available sample size, it could be possible that we missed relevant interaction terms because they did not reach statistical significance due to low power.
The strengths of this study are its longitudinal design, the follow-up through public registers and the high response rate in the baseline survey of 70% [23] . However, this study has also several limitations. The determinants were analysed on a continuous scale. Other scoring methods, such as using nominal or dichotomous variables, might be preferred, but a consensus is lacking. The advantage of a continuous scale is the sensitivity for change, whereas the advantage of a dichotomous or nominal scale is that it does not assume a linear relation with the effects. However, a linear relation was found between the determinant and outcome variable for all determinants. As everyone in our study population had the financial opportunity to obtain voluntary early retirement benefits and we excluded those who were not a member of the voluntary early retirement scheme, the results of this study might not be applicable to other countries with different retirement schemes. Because our study population was probably homogeneous with regards to the financial possibility to retire early, we cannot clarify the importance of financial factors related to voluntary early retirement in Denmark. By contrast, this could also be considered a methodological strength, because in many other countries financial pressures may tend to overshadow important healthrelated, work-related and social factors. Another limitation is that the group of workers with a chronic disease might be too heterogeneous; different chronic diseases may lead to different limitations at work. Therefore the heterogeneity of the chronic disease group may have reduced the possibility of finding significant differences.
The prolonged labour force participation of older workers is a challenge for governments in European countries. This study and the study by Fleischmann et al. [5] indicate that the factors determining prolonged labour force participation are similar for workers with and without a chronic disease. However, older workers with a chronic disease take more sick leave, have a lower work ability and we showed that they retire earlier than their colleagues without a chronic disease [5, 6, 33, 34] . Therefore, regardless of finding no evidence for the specific needs of older workers with a chronic disease, policy advisers and researchers should acknowledge the vulnerability of older workers in general and, in particular, those with a chronic disease in our ageing labour force. All older workers will benefit from positive working conditions (e.g. more influence on job tasks and lower physical demands) and good self-rated health enables older workers to work longer. Therefore we recommend that future research focuses on developing and implementing health and work environment promotion programmes in the workplace to enable the sustained employability of all older workers.
This study showed that the influence of healthrelated, work-related and social determinants of voluntary early retirement do not significantly differ among older workers with or without a chronic disease in Denmark. It also showed that a higher physical workload, lower job satisfaction and lower influence at work were associated with a higher risk of voluntary early retirement and that good selfrated health and fewer depressive symptoms could reduce the risk of voluntary early retirement for older workers (with or without a chronic disease). Optimizing work-related factors may facilitate sustained employment for an older working population in general.
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